Alternative splicing of ryanodine receptor subtype 3 (RYR3) may generate a short isoform (RYR3S) without channel function and a functional full length isoform (RYR3L). The RYR3S isoform has been shown to negatively regulate the native RYR2 subtype in smooth muscle cells as well as the RYR3L isoform when both isoforms were co-expressed in HEK293. Mouse myometrium expresses only RYR3 subtype, but the role of RYR3 isoforms obtained by alternative splicing and their activation by cyclic ADP-ribose during pregnancy have never been investigated. Here, we show that both isoforms RYR3S and RYR3L are differentially expressed in non-pregnant and pregnant mouse myometrium. The use of antisense oligonucleotides directed against each isoform indicated that only RYR3L was activated by caffeine and cyclic ADP-ribose in non-pregnant myometrium. These RYR3L-mediated Ca 2+ release were negatively regulated by RYR3S expression. At the end of pregnancy, relative expression of RYR3L versus RYR3S and its ability to respond to cyclic ADP-ribose were increased. Therefore, our results suggest that physiological regulation of RYR3 alternative splicing may play an essential role at the end of pregnancy.
INTRODUCTION

Intracellular Ca
2+ concentration ([Ca 2+ ] i ) controls the force of myometrial contractions.
Two Ca 2+ sources participate to increase [Ca 2+ ] i : (1) Ca 2+ entry through voltage-dependent Ca 2+ channels responsible for spontaneous contractions and (2) Ca 2+ release from intracellular stores activated by agonists such as oxytocin, endothelin or acetylcholine (as reviewed by Wray et al., 2003; Matthew et al., 2004) . The release of Ca 2+ stored in the sarcoplasmic reticulum (SR) is assumed by two different families of channels: the inositol 1,4,5-trisphosphate (InsP3) receptors (InsP3R) and the ryanodine receptors (RYR) (Berridge et al., 1993 & Berridg e et al., 2000 . If activation of InsP3R is well documented in the myometrium (Marc et al., 1986; Sanborn et al., 1995; Morgan et al., 1996; Shmygol and Wray 2005) , activation and function of RYR in myometrium during pregnancy are still under debate.
Three subtypes of RYRs are encoded by three distinct genes (RYR1-3, reviewed by Fill and Copello, 2002) and the expression of RYRs in myometrium at different stages of pregnancy has been explored (Lynn et al., 1994) . Expression of RYR3 has been reported in human, rat and mouse non-pregnant myometrium and during pregnancy, (Martin et al., 1999 , Mironneau et al., 2002 ), whereas a very low level of RYR2 expression has been found in pregnant myometrium, only in rat (Martin et al., 1999a) . RYR were then suggested to be involved in Ca 2+ -induced Ca 2+ release mechanism in pregnant but not in non-pregnant myometrium (Taggart and Wray, 1998) . However, in physiological solution, caffeine cannot activate RYR in freshly isolated myocytes from rat pregnant myometrium (Arnaudeau et al., 1994) although some responses were observed in cultured cells (Martin et al., 1999a) . In mouse myometrium RYR3 subtype has been shown to be activated by caffeine only when SR is Ca 2+ overloaded (Mironneau et al., 2002) . Several studies about RYR3 in other cell types indicate that RYR3 is not able to induce excitation-contraction mechanism (Fessenden et al., 2000) but can encode spontaneous Ca 2+ release when overexpressed in HEK293 (Rossi et al., Page 3 of 33 4 2002; Ayoama et al., 2004) . However, several isoforms of RYR3 are expressed by alternative splicing (Marziani et al., 1996; Miyatake et al., 1996 and Jiang et al., 2003) . The short length isoform (RYR3S) has been described to inhibit RYR2 (Jiang et al., 2003; Dabertrand et al., 2006 ) and the full length isoform (RYR3L) can form a functional channel in heterologous system (Jiang et al., 2003) . In these studies, it is indicated that both isoforms of RYR3 are potentially expressed in rabbit and mouse myometrium (Jiang et al., 2003; Dabertrand et al., 2006) . The short isoform of RYR3 (RYR3S) is characterized by the alternative splicing of a 87 bp exon potentially encoding a putative transmembrane domain of the channel (Jiang et al., 2003) . Moreover, the RYR3 subtype has been proposed as the target for cyclic ADP-ribose (Kunerth et al., 2004) and both expression of ADP-ribosyl cyclase and production of cyclic ADP-ribose have been shown to be increased during pregnancy (Baratta et al., 1993) .
In the present study, we examine the expression and function of both isoforms of RYR3 in non-pregnant and pregnant myometrium of mouse. By using an antisense oligonucleotide strategy, we show that RYR3L is activated by caffeine and is a target for cyclic ADP-ribose. For the first time, we show that the expression of RYR3 is increased in myometrium at the end of pregnancy and that the RYR3L becomes the major isoform. These findings suggest an important role for RYR3L-mediated Ca 2+ signalling at the end of pregnancy and the physiological relevance of the cyclic ADP-ribose pathway at this stage of gestation. cells/mm 2 on glass slides and were maintained in short term primary culture in medium M199 containing 5% fetal calf serum, 20 units/ml penicillin, and 20 µg/ml streptomycin.
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MATERIALS AND METHODS
Cell Preparation
Cells were kept 1 to 4 days in an incubator gassed with 95% air and 5% CO 2 at 37 °C.
RT-PCR -Total RNA was extracted from uterine myocytes using the RNA preparation kit from Epicentre, following instructions of the supplier. The reverse transcription reaction was performed on 50 ng of RNA using Sensiscript-RT kit (Qiagen). Sense (s) and antisense (as) primer pairs specific for RYR1 and RYR2 were previously described (Coussin et al., 2000) . Specific primer pair amplifying the dominant negative splicing site of RYR3 has been previously determinated in mouse (Dabertrand et al., 2006) . PCR were performed with a thermal cycler (Eppendorf). The annealing temperature was 60 °C.
Amplification products were separated by electrophoresis (2% agarose gel) and visualized by ethidium bromide staining. Gels were photographed with EDAS120 and analyzed with KDS1D 2.0 software (Kodak Digital Science). The relative amount of the amplicons was determined and normalized to that of the GAPDH fragment as previously described (Morel et al., 2004) . After electrophoresis, the PCR products were cleaned and
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Western blot -The longitudinal layer of uterine smooth muscle from non-pregnant and pregnant mice was homogenized in an appropriate volume of 10 % SDS. After centrifugation (300 g, 10 min), supernatants were collected and the protein content was measured according
to Bradford (Bradford, 1976) . Equal amounts of proteins (12.5, 25, 50, 100 µg) from nonpregnant and pregnant mice were heated at 95 °C for 5 min in Laemmli buffer, separated by electrophoresis in a 4-12% gradient SDS-polyacrylamide gel (GeBaGel, Interchim), and electrically transferred to polyvinylidene difluoride membrane (70 min, 100V, 4°C). Nonspecific binding was blocked by incubating the membrane in phosphate buffer/Tween 20 (0.1%) containing 5% nonfat dry milk for 1 h and blots were incubated (overnight, 4°C) with anti-RYR3 antibody (1:500). Primary antibody was detected with a horseradish peroxidasecoupled secondary antibody (1:3000). RYR3 was detected using an enhanced chemoluminescence kit (Amersham Biosciences). After RYR3 revelation, the membrane was striped by incubation in 0.7 mM -mercaptoethanol and 0.4% SDS solution (30 min, 55°C), and revealed with anti-tubulin (1:8000) or anti-CD 38 (1:100) antibodies. All proteins were quantified using the KDS1D 2.0 software.
Transfection of Oligonucleotides -Design of phosphorothioate antisense oligonucleotides
(denoted with the prefixe "as") used in the present study were based on RYR3 isoforms sequences and they were chosen for their ability to totally abolish the PCR signal of one RYR3 isoform without modifying the expression of the other (Dabertrand et al., 2006) .
Antisense oligonucleotide sequences targeting the full length and short isoforms of RYR3 were respectively 5'-GAACCTCAGGTTGTAGAA-3' (asRYR3L) and 5'-CAGTGACCAATAAC-3' (asRYR3S); the control scrambled antisense sequence was 5'-CAGCACTATCAGTACGAC-3' (asSCR). Freshly isolated myocytes were electroporated Cytosolic Ca 2+ Measurements -Cells were loaded by incubation in physiological solution containing 2 µM fluo-4-acetoxymethylester for 20 min at 37°C. These cells were washed and allowed to cleave the dye to the active fluo-4 compound for 10 min.
Images were acquired using the image series of a confocal Bio-Rad MRC1024ES setup as previously described (Fritz et al., 2005) . Briefly, Fluo-4 was excited at 488 nm, and Caffeine was applied by pressure ejection from a glass pipette for the period indicated on the records. All experiments were carried out at 26 ± 1°C.
RYR immunostaining -Immunostaining protocol has been described previously (Dabertrand et al., 2006) . Briefly, myocytes were washed with PBS, fixed with 4% (v/v) formaldehyde and 0.05% glutaraldehyde for 10 min at room temperature, and permeabilized in PBS containing 2% bovine serum albumin and 1 mg/ml of saponin for 20 min. Cells were then incubated with PBS, saponin (1 mg/ml) and anti-RYR3 antibody overnight at 4°C. Cells were washed and Cell permeabilization -To measure the Ca 2+ signal evoked by cyclic ADP-Ribose, myocytes were permeabilized as previously described (Fritz et al., 2005) . Briefly, the physiological solution (130 mM NaCl, 5.6 mM KCl, 10 mM Hepes, 11 mM glucose, 2 mM CaCl 2 , 1 mM MgCl 2 ; pH 7.4 with NaOH) was replaced by a solution containing 140 mM KCl, 20 mM Hepes, 0.5 mM MgCl 2 , 0.1 mM ATP and 10 µg/ml saponin, pH 7.4 (with NaOH). Cyclic ADP-ribose was applied by pressure ejection from a glass pipette for a period indicated on the records. All experiments were carried out at 26 ± 1°C. 
Chemicals and Drugs
RESULTS
Both RYR3 splice variants are expressed in mouse myometrial cells. The investigation of RYR subtypes expressed in mouse myometrium myocyte was performed by using RT-PCR.
In non-pregnant and pregnant myometrium (18 days of pregnancy) the RYR1 and RYR2 subtypes were not detected ( Figure 1A ). Both RYR3S and RYR3L splice variants were as well detected in mouse pregnant and non-pregnant myometrium ( Figure 1B) . To compare expression level of both isoforms in non-pregnant and pregnant myometrium cells, we also normalized the data using GAPDH amplicon as internal standard. Measurement of fluorescence emitted by each amplicon was performed and the ratio RYR3L/GAPDH and RYR3S/GAPDH were calculated for four different dissociations ( Figure 1C ). The relative expression of RYR3L against RYR3S was evaluated (RYR3L/RYR3S ratio was 0.48 ± 0.07 and 0.74 ± 0.09 in non-pregnant and pregnant myometrium, respectively; n = 4, 35 cycles, p < 0.05). The RYR3L/RYR3S ratio was significantly increased in the pregnant myometrium suggesting that RYR3L was more expressed at the end of pregnancy.
To validate this result, expression of RYR3 protein was evaluated by Western blot (Figure 2 ).
The expression of RYR3 protein was significantly increased in pregnant myometrium ( Figure   2B , left panel). After stripping the membrane, the expression of tubulin and CD38 were revealed. As previously published (Dogan et al., 2004; Latey et al., 2007) , the expression of tubulin appears constant whereas the expression of CD38 was increased at the end of pregnancy (in comparison with non-pregnant myometrium, Figure 2A ). Tubulin could be used as an internal standard to evaluate the modification of RYR3 expression. The ratio of RYR3/tubulin was calculated. This ratio was significantly higher in pregnant than in nonpregnant myometrium, confirming the increase of RYR3 expression at the end of pregnancy.
The same results were observed on 4 different myometrium preparations with 25, 50, 100 µg of proteins, thus excluding protein loading and revelation errors.
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Effects of antisense oligonucleotides directed against RYR3 isoforms. Ability of antisense oligonucleotides to specifically inhibit the targeted RYR3 isoform was measured by RT-PCR.
Expression of both RYR3 isoforms was maximally inhibited 3 days after asRYR3 electroporation whereas the electroporation of asSCR was not able to inhibit expression of the RYR3 splice variants. In a similar manner, expressions of RYR3L and RYR3S were undetectable in cells electroporated with asRYR3L and asRYR3S respectively, under both pregnant ( Figure 3A Figure 5C ). These results suggest that inhibition of RYR3S in non-pregnant myometrium was sufficient to reveal a caffeine-induced Ca 2+ response, whereas in pregnant myometrium, asRYR3S increased the amplitude of caffeine-induced Ca 2+ response but not the ability of the cells to respond to caffeine. The viability of myometrium myocytes is tested by application of acetylcholine known to activate the InsP3R activation. In all tested dissociations of pregnant or non-pregnant myometrium, acetylcholine-induced Ca 2+ response was measurable in 80-90% of cells (data not shown). Figure 6 ). In pregnant myometrial cells, cyclic ADP-ribose evoked a Ca 2+ signal in 75 % of non-electroporated, asSCR-and asRYR3S-electroporated cells. Moreover, in cells electroporated with asRYR3S, the amplitude of cyclic ADP-ribose-induced Ca 2+ response was increased by 2-fold and 2.4-fold in non-pregnant and pregnant myometrium, respectively ( Figure 6 ). Nevertheless, these highly responsive cells from pregnant myometrium were unable to produce significant cyclic ADP-ribose-induced Ca 2+ signal when electropored with asRYR3L ( Figure 6C ). These results suggested that cyclic ADP-ribose was able to activate the SR Ca 2+ release via activation of RYR3L.
Antagonist roles of RYR3L and RYR3S in cyclic ADP-ribose-induced
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DISCUSSION
In the present study, we report an increase of expression of the full length isoform of RYR3 in myometrium during pregnancy. The functional consequence of this regulation is an increase of the SR Ca 2+ release activated by caffeine and cyclic ADP-ribose, an intracellular messenger potentially involved in the labor induction.
Our results show that, in mouse myometrium at the end of pregnancy, the expression of RYR3 was increased at the protein level and the ratio RYR3L/RYR3S was increased at the mRNA expression level. and RYR3L had been observed (Dabertrand et al., 2006) . In these duodenum myocytes, different subcellular localization of RYR3L and RYR3S has been reported. In contrast, in myometrium cells RYR3L and RYR3S were expressed all over the cytoplasm allowing The RYR3 subtype has been involved in cyclic ADP-ribose-induced Ca 2+ release (Guse, 2004) . In both pregnant and non-pregnant myometrium, cyclic ADP-ribose-induced Ca 2+ responses are abolished in asRYR3L-electroporated cells and increased in asRYR3S-electroporated cells indicating that RYR3L is activated by cyclic ADP-ribose and that RYR3S again negatively controls RYR3L. In myometrium, the significance of cyclic ADP-ribose pathway for the labour is demonstrated by the ability of oxytocin to induce cyclic ADP-ribose production and the increase of CD38 expression during pregnancy (Barata et al., 2004 , Dogan et al., 2004 . Here, we suggest another argument: RYR3L, the channel-target of cyclic ADPribose is also more expressed during pregnancy.
Our results were obtained in cultured cells from mouse myometrium. Sev eral human and rat myometrium studies conclude on the absence of RYR function in Ca 2+ signals (Holda et al, 1996; Arnaudeau et al., 1994 , Burdyga et al., 2007 . In smooth muscles, the RYRs (Macrez and Mironneau, 2004) . In this study as in the others, Ca 2+ sparks are never observed (Burdyga et al., 2007) and caffeine activates Ca 2+ waves in a weak proportion of cells in nonpregnant myometrium in control conditions. The low level of RYR expression in myometrium was proposed to explain why the RYR function was poorly or not involved in Ca 2+ signalling (Martin et al., 1999b) . Here, we show that the investigation of RYR-dependent Ca 2+ signal in Functional significance of RYR in myometrium was recently reinforced by studies demonstrating the activation and the regulation cyclic ADP-ribose pathway during the pregnancy in mouse, rat and human (Thompson et al., 2004; Baratta et al., 2004; Dogan et al., 2004) . Here, we indicate that the expression of the functional target of this transduction pathway is also increased.
The physiological function of RYR3 splice variants should be now investigated in myometrium tissues because some differences could be observed in Ca 2+ signalling in isolated cells versus in muscle bundles (Burdyga et al., 2007) .
In conclusion, we demonstrate that RYR3S isoform is able to negatively regulate RYR3L isoform in native cells expressing only the two RYR3 isoforms and we suggest that splice variants of RYR3 may have important roles in myometrium during labor. Indeed, we 
